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SUMMARY 

This  is  the  third  in  a  series  of  reports  presenting  the  results  of 
tests  to  distribute  furuigants  in  bulk  grain  with  existing  mechanical 
aeration  systems,   at  airflow  rates  used  in  cooling  grain.     This  report 
deals  with  tests  made  with  liquid  fumigants. 

In  three  tests  in  grain  elevator  tanks  more  than  100  feet  deep,   the 
vapors  of  liquid  fumigants  were  effectively  distributed  either  by  recir- 
culation or  by  drawing  the  vapors  down  through  the  grain  mass  until  a 
satisfactory  concentration  was  measured  at  the  bottom.     In  one  test,   the 
vapors  were  redistributed  by  reversing  the  airflow  and  pushing  the  vapors 
back  to  the  surface  layer  every  2k  hours. 

In  four  tests  in  large  steel  storage  tanks  96  feet  in  diameter  and 
30  feet  hi^,  the  vapors  were  satisfactorily  distributed  by  recirculation 
at  the  start  of  the  fumigation,   and  redistributed  by  an  upward  airflow 
for  a  short  time  when  they  had  settled  out  of  the  surface  layer. 

In  eight  tests  in  upright  10,000-bushel  steel  storage  tanks,  distri- 
bution by  recirculation  did  not  appear  to  be  much  better  than  distribution 
by  gravity  penetration. 


l/This  is  one  of  the  field  stations  of  the  Stored-Product  Insects 
Section,   Biological  Sciences  Branch,  Marketing  Research  Division, 
Agricultural  I-Iarketing  Service,   U.   S.  Department  of  Agriculture. 
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INTRODUCTION 

This  report,  the  third  in  a  series,  if  describes  the  results  of 
tests  to  distribute  liquid  furaigants  in  bulk  grain  by  the  use  of  exist- 
ing mechanical  aeration  systems,  at  airflow  rates  used  in  cooling  grain. 3/ 
Liquid  furaigant  mixtures  are  those  which  are  liquid  at  normal  temperatures 
and  are  not  handled  in  pressure  containers. 

Three  tests  were  made  in  grain  elevator  tanks  at  Danville,  111.,  and 
Sterling  and  Garden  City,  Kans.  Four  tests  were  made  in  large  steel  stor- 
age tanks  at  Neodesha,  Kans.  Eight  tests  were  conducted  in  upright  steel 
tanks  at  Verden,  Okla.  The  results  will  be  grouped  under  headings  ac- 
cording to  these  three  types  of  structures. 

TECHNIQUE 

In  the  tests  at  Danville,  Sterling,  Garden  City,  and  Neodesha,  eval- 
uation of  results  was  based  vrpon  gas  analysis  alone.  In  the  tests  at 
Verden,  insect  samples  also  were  used. 

Gas  sampling  technique 

The  same  procedure  for  placing  gas  san^ling  t\ibes  was  followed  as 
reported  in  the  previous  papers  (see  footnote  2).  In  grain  elevator 
tanks,  the  tubes  were  formed  into  cables,  with  tubes  terminating  at  se- 
lected levels  in  the  tank.  Three  or  more  cables  were  installed  verti- 
cally in  each  tank  before  it  was  filled,  by  anchoring  them  to  existing 
vertical  temperature  cables  or  to  ^inch  steel  cables  installed  for  this 
purpose. 


^Grain  fumigation.  Agric.  Chem.  X(l):5^-56,  117-121:  X(2):Ul-U3, 
133,  135,  Jan.  Feb.  1955:  Experiments  on  distributing  methyl  bromide  in 
bulk  grains  with  aeration  gy stems,  AMS  l50. 

3/The  tests  were  a  cooperative  endeavor  with  the  Dow  Chemical  Com- 
pany and  Michigan  Chemical  Corporation.  Acknowledgrnents  are  due  C.  S» 
Bulger  and  W.  Keith  Whitney,  of  the  Stored-Grain  Insects  Laboratory, 
for  assistance  in  some  of  the  tests;  to  G.  L.  Kline  and  Harry  Converse, 
engineers  with  the  Manhattan  Field  Office,  Handling  and  Facilities  Re- 
search Section,  Agricultirral  Marketing  Service;  to  R.  L.  Parker,  ento- 
mologist with  the  Lauhoff  Grain  Company,  for  assistance  in  tests  made 
at  Danville,  111.,  and  to  members  of  the  technical  and  field  staffs  of 
the  cooperating  companies.  S3.tes  were  made  available  for  the  tests  by 
the  Lauhoff  Grain  Company,  Danville,  111.;  Farmers  Union  Co-op  Elevator, 
Sterling,  Kans.;  Garden  City  Co-op  Equity  Exchange,  Garden  City,  Kans.; 
Moore-Stauffer  Compancr,  Verden,  Okla.;  and  Qnergency  Grain  Storage  Com- 
pany, Neodesha,  Kans. 
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In  the  large  steel  tank  and  ijpright  steel  tank  storage,  probes  were 
inserted  from  the  top  surface.  At  each  selected  sampling  station,  sev- 
eral probes  were  used,  each  one  inserted  to  a  different  depth  in  the 
grain — for  exairole,  1  to  10  feet,  1  to  20  feet,  and  1  to  30  feet. 

The  concentrations  of  gas  were  determined  with  the  thermal- conductivity 
gas  analyzer.  Since  the  instrument  indicated  the  total  gas  present,  and 
since  no  technique  was  available  to  separate  the  con^onents  of  the  fumigant 
mixtures,  the  readings  are  in  terms  of  units  on  the  galvanometer  scale. 
These  are  valuable  to  indicate  the  con55arative  gas  concentrations  at  the 
sampling  points.  It  was  realized  that  the  ratio  of  the  components  could 
have  been  different  than  their  proportion  in  the  liquid  mixture  at  any 
reading  as  a  gas.  Since  this  is  a  study  on  distribution,  the  galvanometer 
readings  were  considered  to  be  a  satisfactory  criterion  for  evaluation. 

The  time  pattern  established  in  previous  tests  was  followed  for  sam- 
pling, that  of  ^,  2,  ht  8,  and  2U  hours.  Subsequent  sait^jling  was  depend- 
ent i^)on  the  type  of  test  under  way. 

Test  insect  sanyles 

Samples  of  test  insects  were  placed  at  two  locations  in  the  tanks  at 
Verden,  at  the  center  and  near  one  wall.  At  each  location  cages  were 
placed  above  the  grain  (resting  on  the  grain  surface)  and  at  depths  of  2, 
kf   and  12  feet.  The  cages  were  placed  in  steel  probes,  and  the  probes 
inserted  to  the  desired  depth.  Granary  weevil  adults  and  incnature  stages, 
and  flour  beetle  adults  were  used. 

After  fumigation,  the  insects  were  placed  in  clean  cages  and  held 
for  observation  of  mortality.  Samples  containing  the  immature  stages  of 
the  granary  weevil  were  held  under  optimum  development  conditions  from 
four  to  six  weeks  to  observe  adult  emergence,  if  any. 

TESTS  IN  GRAIN  ELEVATOR  TANKS 

These  tests  were  made  parallel  with,  and  at  the  same  installations 
as  the  tests  with  methyl  bromide  described  in  the  second  report  of  this 
series,  to  determine  whether  liquid  fumigant  mixtures  could  be  applied 
by  the  recirculation  and  forced  distribution  methods. 

Test  H-1  was  conducted  in  April  19^5  in  the  test  elevator  at  Danville, 
111.,  which  had  been  equipped  with  a  recirc;ilation  ^stem.  This  system  was 
fully  described  in  the  first  report  of  this  series.  In  this  test,  the  va- 
pors were  recirculated. 

The  tank  was  filled  with  shelled  com  for  this  test,  and  the  blower 
produced  an  airflow  rate  of  0.022  c.f,m,/bu. 
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The  funiigant  used  was  one  of  the  standard  mixtures  containing  29.2 
percent  ethylene  dichloride,  63,6  percent  carbon  tetrachloride,  and  7.2 
percent  ethylene  dibromide,  by  weight.  It  was  applied  at  the  rate  of  l.U 
gallons  per  1,000  bushels  as  a  spray  on  the  top  surface,  following  which 
the  blower  was  started  and  the  vapors  recirculated  downward,  until  read- 
ings on  the  gas  analyzer  indicated  a  fairly  uniform  distribution.  The 
blower  was  operated  1  hour  to  accon^lish  this.  At  the  2U-,  U8-,  72-,  and 
96-hour  periods,  the  vapors  were  again  recirculated  by  operating  the  blower 
for  UO  minutes  each  time.  After  the  desired  exposure  period,  the  fumigant 
vapors  were  removed  by  operating  the  aeration  system. 

Gas  sampling  tubes  were  assembled  in  3  cables,  1  down  the  center,  1 
near  the  noirth  wall,  and  1  near  the  south  wall.  Samples  were  taken  at  the 
surface,  l5-,  35->  5^->  7^-,  9^-,  and  ll5-foot  depths,  and  in  the  hopper. 

The  results  are  presented  in  table  1,  It  may  be  noted  that  the  con- 
centration was  heavier  in  the  bottom  half  of  the  tank  after  the  initial 
application  by  recirculation,  and  that  the  pattern  did  not  change  appre- 
ciably during  the  first  2U  hours.  V/hen  the  vapors  were  recirculated  at 
the  2U-hour  period,  the  distribution  was  improved.  In  the  second  2I4.  hours, 
the  concentrations  in  the  top  half  dropped  again,  but  remained  about  the 
same  in  the  bottom  half,  A  second  recirciilation  inqjroved  the  distribution 
somewhat.  In  the  third  and  fourth  2k   hours,  the  distribution  remained 
fairly  stable,  and  the  third  and  fourth  recirculations  produced  very  little 
change. 

Test  H-2  was  conducted  during  October  19^5  in  an  elevator  tank  at 
Sterling,  Kans.,  similar  to  the  one  described  in  the  second  report  of  this 
series.  In  this  test,  the  aeration  system  was  not  modified.  The  vapors 
were  distributed  by  drawing  them  down  through  the  grain  mass  until  a  satis- 
factory concentration  was  present  at  the  bottom. 

The  tank  was  10^  feet  high  and  26  feet  in  diameter,  and  contained 
U7,000  bushels  of  wheat.  The  aeration  system  consisted  of  a  half-round 
duct  in  the  center  of  the  flat  floor  of  the  bin,  connected  to  a  blower 
driven  ty  a  72-^»  nw'tor.  The  airflow  rate  was  O.OU  c,f,m./bu. 

The  fumigant  mixture  used  in  this  test  was  composed  of  6U.6  percent 
ethylene  dichloride,  27, U  percent  carbon  tetrachloride,  $  percent  ethylene 
dibromide,  and  3  percent  sulfur  dioxide.  It  was  applied  at  a  dosage  rate 
of  2  gallons  per  1,000  bushels  of  iriieat,  to  the  top  surface  of  the  grain, 
as  a  coarse  spray.  The  blower  was  started  after  the  fumigant  was  applied, 
and  operated  for  the  length  of  time  necessaiy  for  one  air  change  in  the 
tank,  II4.  minutes.  The  air  from  the  blower  was  discharged  to  the  outer  air, 
and  not  recirculated  in  this  instance.  The  exposure  period  was  96  hours. 
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Sanpling  tubes  were  assembled  in  3  cables,  1  down  the  center,  1 
near  the  north  wall,  and  1  near  the  south  wall.  Samples  were  withdrawn 
from  the  surface,  and  at  depths  of  11,  29,  U7,  6^,  83,  and  101  feet. 

The  results  of  vapor  distribution  are  presented  in  table  2.  The 
distribution  from  the  initial  operation  of  the  aeration  system  was  quite 
good  except  at  the  101-foot  depth.  This  was  adjusted  by  gravity  settling 
by  the  2U-hour  period,  but,  oddly  enough,  the  concentration  fell  again  at 
this  level  after  it  had  adjusted  itself.  It  had  been  intended  to  redis- 
tribute the  fuaigant  vapors  every  2h   hours  by  reversing  the  direction  of 
the  blower  and  forcing  the  vapors  upward  to  the  top.  The  distribution  was 
so  adequate  that  this  was  not  necessary. 

Test  H-3  was  conducted  at  Garden  City,  Kans,,  in  October  19^^  in  the 
same  tank  used  in  a  test  at  this  establishment  with  methyl  bromide,  re- 
ported in  the  second  report  of  the  series.  In  this  test  also  the  estab- 
lished aeration  system  was  not  modified,  and  the  fumigant  vapors  were 
drawn  down  through  the  grain  mass  until  a  satisfactory  concentration  was 
obtained  at  the  bott<M. 

The  tank  was  101  feet  hi^  and  18  feet  in  diameter,  and  was  equipped 
with  a  hopper  bottom.  The  aeration  system  consisted  of  a  half-round  duct 
at  the  top  center  of  the  hopper,  connected  to  a  blower  driven  by  a  3-t?). 
motor  which  produced  an  airflow  rate  of  0,0U9  c,f,m./bu. 

The  same  f\imigant  mixture  was  used  as  in  test  H-2  at  Sterling,  and 
applied  at  the  rate  of  2  gallons  per  1,000  bushels  of  wheat.  The  fumigant 
mixture  was  sprayed  on  the  top  surface  of  the  grain.  Then  the  blower  was 
operated  for  the  length  of  time  necessary  for  one  air  change,  10  minutes. 
The  air  from  the  blower  was  discharged  into  the  outside.  The  exposure 
period  was  72  hours. 

Sampling  tube  cables  were  fastened  to  k   ten^erature  cables  already 
installed  in  the  tank,  1  down  the  center,  and  1  about  5  feet  from  the 
wall  in  the  north,  east,  and  south  quadrants.  Samples  were  withdrawn 
from  the  headspace,  the  hopper,  and  at  8-,  26-,  UU-,  62-,  80-,  and  98-foot 
depths  in  the  grain.  The  results  are  presented  in  table  3.  The  initial 
distribution  was  very  good  except  in  the  hopper.  Since  the  vapors  were 
still  well  distributed  after  2k   ho\2rs,  origljial  plans  to  redistribute  them 
by  reversing  the  direction  of  the  fan  were  abandoned.  The  distribution 
remained  fairly  constant  through  the  72  hours  except  in  the  headsfpace  and 
In  the  bottom  at  the  98-foot  depth. 

It  was  concluded  from  this  series  of  tests  that  the  distribution  of 
vapors  of  liquid  fumigants  could  be  accon^lished  by  utilizing  existing 
aeration  systems  either  to  recirculate  the  vapors,  or  to  distribute  them 
initially  by  drawing  them  down  throu^  the  grain  mass  until  an  adequate 
concentration  was  obtained  at  the  bottom.  The  distribution  procedure 
necessitated  a  calculation  of  the  time  required  to  change  the  air  con- 
tent once,  and  a  means  of  determining  the  vapor  concentrations  to  guide 
the  operation  of  the  blower. 
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Table  2.— Distribution  of  the  vapors  of  a  liquid  fundgant  in  an  elevator  tank  of 
wheat  resiilting  from  distribution  by  operating  the  aeration  blower  for  Hx  minutes 
at  an  airflow  rate  of  O.OU  c»f .m./bu.  in  order  to  distribute  the  vapors  from  top 
to  bottom  of  the  tank 


Sample  location 

'     Galvanometer 

t 

readings 

following  the  : 

initial  distribution 

and  number 

>    i 

:   2 

:  h 

:   8   : 

2k 

:   U8 

:   72 

:  96 

:  hour 

:  hours 

:  hoiirs 

:  hoxirs  : 

hours 

:  hours 

:  hours 

:  ho-urs 

'   Units 

Units 

Units 

Units 

Units 

Units 

Units 

Units 

North  side 

1.  Above  load  .  •  . 

i   2U 

20 

2U 

18 

9 

10 

U 

3 

2.  11  feet  deep  •  . 

:   UO 

82 

120 

85 

76 

6U 

58 

56 

3.  29  feet  deep  .  . 

:   UU 

75 

12U 

80 

82 

60 

5U 

52 

U.  kl   feet  deep  .  . 

:  lOU 

85 

lOU 

116 

6U 

5U 

U7 

U6 

5.  65  feet  deep  .  . 

:   70 

66 

70 

120 

56 

38 

lU 

26 

6,  83  feet  deep  .  . 

:   50 

31 

32 

90 

72 

3U 

13 

20 

7.  101  feet  deep  .  . 

:   36 

k 

h 

20 

65 

38 

lU 

2 

Center 

• 

• 
• 

8.  Above  load  ,  •  . 

:   31 

6U 

78 

86 

62 

37 

32 

32 

9.  11  feet  deep  .  . 

:   72 

86 

lOU 

70 

7k 

56 

56 

52 

10.  29  feet  deep  .  . 

:   80 

86 

81; 

90 

78 

56 

50 

52 

11.  hi   feet  deep  .  . 

:   68 

86 

78 

68 

68 

U8 

U7 

U3 

12.  65  feet  deep  .  . 

:  108 

Qh 

96 

U6 

li3 

S^ 

U8 

U2 

13.  83  feet  deep  .  • 

:   86 

80 

80 

60 

50 

51 

k6 

18 

lU.  101  feet  deep  .  . 

:    0 

0 

0 

6 

U3 

U2 

0 

3 

South  side 

• 
• 

l5.  Above  load  .  .  . 

:  3h 

68 

80 

hh 

66 

ii8 

U8 

U8 

l6.  11  feet  deep  .  . 

:   2k 

35 

UO 

6k 

76 

38 

UO 

38 

17.  29  feet  deep  .  . 

:   U6 

50 

51i 

62 

5U 

U3 

U3 

U2 

18.  k7   feet  deep  .  . 

:   6U 

61i 

62 

8U 

5U 

UO 

U2 

35 

19   65  feet  deep  .  . 

:   70 

70 

70 

90 

60 

U2 

38 

32 

20.  83  feet  deep  .  . 

:   60 

2ii 

26 

58 

U6 

32 

18 

13 

21.  101  feet  deep  .  . 

:    h 

k 

0 

k 

U8 

0 

0 

2 
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Table  3. — Distribution  of  the  vapors  of  a  liquid  fumigant  in  an  elevator  tank 
of  wheat  resulting  from  distribution  by  operating  the  aeration  blower  for  10 
minutes  at  an  airflow  rate  of  0,0k9  c.f.ra,/bu.  in  order  to  distribute  the 
vapors  from  top  to  bottom  of  the  tank 


Sample  location 

[   Galvanometer  readings 

following  the  initial  distribution 

and  number 

'•       ? 

•   2 

•  k 

•   8 

'  2k 

•   U8  * 

72 

►  hour 

:  hours 

:  hours 

:  hours 

t   hours 

:  hours  : 

hours 

'  Units 

Units 

Units 

Units 

Units 

Units 

Units 

North  side 

1.  Above  load  .  .  . 

!   12 

7 

k 

U 

10 

6 

k 

2.  8  feet  deep  .  . 

:   90 

108 

116 

75 

UO 

2h 

8 

3.  26  feet  deep  .  .- 

I       82 

102 

nit 

108 

66 

ks 

UO 

U.  lih  feet  deep  .  . 

r  9k 

88 

7U 

60 

U8 

37 

30 

5.  62  feet  deep  .  . 

I       90 

70 

60 

kh 

3k 

2U 

20 

6,  80  feet  deep  .  . 

!   70 

^^ 

U6 

33 

26 

lU 

16 

7.  98  feet  deep  .  .j 

;   3U 

3k 

26 

18 

22 

21 

8 

8.  In  hopper  .  .  , 

i         T 

2 

k 

6 

12 

6 

5 

East  side 

9.  Above  load  .  .  , 

:   30 

lii 

lU 

15 

11 

7 

U 

10.  8  feet  deep  .  . 

:   26 

UO 

UO 

U2 

38 

26 

2U 

11.  26  feet  deep  .  . 

:   86 

7U 

82 

92 

UO 

39 

37 

12.  kh   feet  deep  .  . 

:   ii8 

3U 

36 

30 

30 

2U 

22 

13.  62  feet  deep  .  . 

:  kS 

32 

32 

27 

25 

20 

19 

lli.  80  feet  deep  .  . 

:  kh 

30 

30 

2U 

20 

16 

15 

15.  98  feet  deep  .  . 

:   12 

• 

2U 

28 

23 

20 

10 

8 

South  side 

s 

16.  Above  load  .  .  . 

:    U 

7 

7 

6 

Ih 

7 

5 

17.  8  feet  deep  .  . 

:   28 

30 

30 

26 

18 

10 

6 

18.  26  feet  deep  .  • 

t   lU 

22 

28 

55 

3U 

30 

26 

19.  kh   feet  deep  .  . 

:   32 

26 

26 

32 

UO 

32 

27 

20.  62  feet  deep  .  . 

:   36 

30 

30 

30 

35 

30 

25 

21.  80  feet  deep  .  . 

:   20 

20 

20 

20 

22 

12 

10 

22.  98  feet  deep  .  . 

:   UO 

3U 

30 

27 

26 

5 

3 

Center 

• 

23.  Above  load  .  ,  • 

:   10 

6 

13 

10 

15 

7 

5 

2U.  8  feet  deep  .  • 

:   70 

116 

116 

lOU 

UU 

26 

18 

2^,     26  feet  deep  •  . 

:  120 

lUU 

lUU 

2hh 

80 

UU 

50 

26.  kh  feet  deep  •  • 

:   8U 

12U 

12U 

120 

97 

68 

56 

27.  62  feet  deep  •  • 

:   92 

100 

96 

92 

80 

62 

50 

28.  80  feet  deep  .  . 

t   6U 

75 

68 

70 

52 

UO 

33 

29.  98  feet  deep  •  • 

:   UU 

: 

38 

37 

U2 

16 

7 

U 
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TESTS  IN  LARCE  STEEL  STORAGE  TANKS 

Four  tests  were  made  in  tanks  loaded  with  wheat  at  Neodesha,  Kans,, 
in  September  19^.  Each  tank  was  96  feet  in  diameter  and  30  feet  high, 
and  contained  more  than  100,000  bushels  of  wheat.  The  wheat  temperatures 
ranged  from  7ii°  to  97°F. 

The  aeration  systems  were  identical.  Each  consisted  of  two  halves, 
with  a  main  duct  running  from  one  wall  to  the  center,  and  with  laterals 
to  the  tank  periphery  on  each  side,  and  a  duplicate  but  separate  system 
in  the  other  half  (fig.  1).  A  blower  was  connected  to  each  main  duct. 
The  same  pair  of  blowers  was  used  on  all  tanks,  and  they  were  mounted 
on  trucks  and  operated  by  power  take  off  from  the  truck  motor  (fig.  2). 
Each  blower  had  a  capacity  of  approximately  10,^00  c.f.ra.  under  operating 
conditions,  producing  airflow  rates  ranging  between  0.075  and  0.095 
c.f,m,/bu.,  depending  on  the  size  of  load.  A  portable  return  duct  was 
installed  on  each  blower  so  that  each  aeration  system  was  converted  to 
a  recirculation  system.  The  fumigant  vapors  were  recirculated  in  all 
four  tests. 

Tests  I-l,  1-2,  and  1-3  were  replicates  of  each  other.  Gas  sampling 
probes  were  inserted  to  depths  of  1,  10,  20,  and  30  feet  at  3  locations 
in  the  tanks  at  the  center,  west  wall,  and  center  of  east  half, 

A  fumigant  mixture  containing  80  percent  carbon  tetrachloride  and 
20  percent  carbon  disulfide  (by  volume)  was  applied  in  each  tank  at  a 
rate  of  if-  gallons  per  1,000  bushels.  The  mixture  was  applied  to  the 
top  surface  of  the  grain  as  a  coarse  spray.  From  2  to  U  hours  were 
required  to  apply  the  fumigant  because  of  the  small  pumps  used.  As  soon 
as  the  application  was  complete,  the  blowers  were  started  and  operated 
until  a  high  concentration  was  present  at  the  floor  level.  This  period 
ranged  from  l5  to  20  minutes  of  blower  operation. 

The  exposure  periods  varied  from  11  days  in  test  1-3,  to  13  days 
in  test  1-2  and  lU  days  in  test  I-l. 

Test  I-U  was  conducted  in  the  same  manner  except  that  a  fumigant 
mixture  was  used  consisting  of  10  percent  acrylonitrile  and  90  percent 
carbon  tetrachloride  (by  volume). 

At  the  end  of  the  exposure  period  in  each  test,  an  attempt  was  made 
to  redistribute  the  vapors  by  operating  the  blower  in  a  reverse  direction 
for  a  short  period. 
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The  results  for  test  I-l  are  presented  in  table  U.  The  initial 
distribution  was  satisfactory  in  spite  of  the  long  period  required  to 
apply  the  dosage  of  fumigant.  The  concentration  in  the  headspace  fell 
off  rapidly  and  was  zero  by  the  8-hour  period.  The  concentration  one 
foot  below  the  surface  declined  after  the  second  day.  For  some  unex- 
plainable  reason,  sample  location  2  in  the  center  at  the  20-foot  depth, 
was  low  all  through  the  test.  When  the  blowers  were  operated  in  a 
reversed  position  for  6  minutes  on  the  lUth  day,  the  concentration  at 
the  surface  and  in  the  headspace  was  brought  up  to  a  satisfactory  level. 

The  results  for  test  1-2  are  given  in  table  $.     Here  again  the  ini- 
tial distribution  was  satisfactory,  and  remained  that  way  except  in  the 
surface  layer  at  the  center  and  east  side,  through  the  13th  day.  The 
operation  of  the  blower  in  reversed  position  raised  the  concentration 
in  the  headspace  and  surface  layer  to  a  satisfactory  level. 

The  results  of  test  1-3  are  presented  in  table  6.  The  20-foot  depth 
at  the  center  was  again  an  area  of  low  concentration,  but  otherwise  the 
distribution  was  quite  satisfactory.  The  surface  and  headspace  concen- 
trations were  brought  back  to  a  satisfactory  level  on  the  11th  day  by  the 
6-minute  operation  of  the  blower  in  reversed  position. 

The  results  of  test  I-U  with  the  acrylonitrile-carbon  tetrachloride 
mixture  are  given  in  table  7.  The  original  distribution  was  satisfactory, 
and  remained  that  way  except  in  the  surface  layer  through  the  12-day  ex- 
posure. The  concentrations  in  the  headspace  and  siirface  layer  were  re- 
stored by  operating  the  blowers  to  force  the  vapor  up  from  the  lower 
levels  in  the  grain. 

These  tests  demon  grated  further  that  satisfactory  distribution  of 
the  vapors  of  liquid  fumigant s  can  be  obtained  by  recirc\ilating  them  after 
application  of  the  fumigant  in  liquid  form  to  the  grain  surface.  It  was 
also  shown  that,  as  the  vapors  settled  out  of  the  surface  layers,  they 
could  be  redistributed  by  an  upward  airflow  for  a  short  tijne. 


-  n  - 


^^ 

to 

-p 

•H 

^1 

UNO  CO  O 

uSt^oo  CO 

^ 

H  0) 

c 

H 

H         (H 

-o 

E3 

to 

On  3 

CO 

-p 

O  O  O  or\ 

O  nouncd 

vO  lAO  O 

o 

•c-1 

-Ct 

H  r^J" 

H-^ 

o 

ri 

X 

t=> 

T3 
O 
•H 

CO 

CQ 
P 

o  o  o  tn 

i-i  CM  r<-\ 

CO  ex*  O  lA 

o 

FX 

•H 

-d- 

lA 

o 

c 

(D 
O 

x 

t3 
CO 

(» 

& 

CD  U 

+> 

n^  n^  O  On 

C^_3oo  t^ 

CM  NO  O  vO 

o 

^  3 

•H 

H  H        1A 

f^r-  CM  H 

(U 

o 

C3 

ttO 

c 

•H 

^ 

CM   P 

CO 

-p 

On  r-  O  "^O 

rr\H  <^co 

jH  O  CM  lA 

o 

•6 

•H 

o^  fn        "LA 

cr\\0  vO  CO 

\v. 

C 

H 

■^ 

jC 

^ 

W) 

c 

•H 

OCi 

03 

TJ 

^ 

P 

-d'  CJ  O  C^ 

CTnvO  vOIA 

H"LA  On  On 

o 

CO  P 

o 

•d 

nO   r-        fr\ 

CM  OMX\r~ 

NO  CO  vO  NO 

u 

X 

t3 

u 

<v 

•p 

m 

03 

3i 

^^ 

-P 

o^  O  O  C^ 

ONlAfnO 

f-CO  C^  H 

r- 

e 

•H 

r-  oo       cf\ 

CM  H^O  CO 

CM  CO  O  O 

o 

o 

c 

^^ 

iH         H  H 

c 

x: 

t3 

cti 

(0 

(Q 

O 

c^ 

P 

f-  f^  f«^XA 

CM  c^  ^-  r^ 

HCO  O  CM 

m 

•H 

C^  CO           Cr\ 

r^  rH  O  CO 

<^  CM  CM  H 

H 

o 

C 

H 

pH  H  iH  H 

X 

t3 
(0 

tt 

+-> 

CM  r^  c^vO 

VO  P^  o^  H 

H  U\GO  iH 

c^ 

^!^?5 

•H 

iH    CM          \A 

U\  CM   CM   O 

r^  r^  CM  r^ 

H 

O 

^ 

H   H 

H  r-\  r-i 

H  rH  iH  H 

•        «       •       • 

•      •      •      • 

•     .     •     • 

•      •     •     • 

•      •      •      • 

•     •     •     • 

•H 

•       •     •     • 

•      •      •      • 

•     •     •     • 

Dh  a  a  p. 

P.  p^  P.  a 

P.  P.  a,  ft 

« 

-P    U 

<D      (1)    0)    0) 

(D    <D    (V    Q> 

(D    (D    0)    0) 

eC    0) 

a;    (u   (U   0) 

(D    0)    (U    OJ    Q; 

O    <D    <D    <U 

"  -e 

'O    TJ  'O  T3 

'O  'O  'O  XJ  'O 

-O  "O  TS  "O 

o  e 

^ 

<D 

H    2 

-p  +>  -P  -p 

CO  -P   P  -P   -P 

73  +0  +:>  +i  4J 

c 

O     0)    <D    0) 

O    <D    (D    <D 

•H    O    O    0)    <D 

0) 

O     0)    <U    0) 

p>    O    0)    CJ    0 

CQ   o   QJ   Q)   a; 

d  '2 

(hi    <H   «H  «H 

03  Ch   «H  Vh   «H 

«M  «H  Cm  Cm 

fr  c 

CO 

•P 

<D 

i  03 

H    O  O  O 

0)  iH  O  O  O 

to  rH  O  O  O 

O 

CO 

H  CM  rr\ 

H  CM  r^ 

a)         H  CM  r^ 

CO 

w 

^1 

l>4 

Is 

Q-, 

0) 
P      •        •      •      • 

3        •        •        •        • 

1— 1     •     •     •     * 

CO       • 

CH    CM  f^-it 

XJ  lAMD  ^-CO 

H  <7nO  H  CM 
^         H  iH  iH 

cS  (^ 

0) 

o 

£ 

►Si  •- 

1 

1 

o 

cU 

<D 

ft 

C 

(0 

o 

a> 

Pi 

TJ 

a; 

•» 

to 

to 

B 

-p 

• 

§ 

•p 

<H 

o 

H 

• 

:3 

•Q 

o 

c 

CO 
O 

c 

B 

P 


•H     (U 

ftt< 

ft-H 
CC    S 

to  to 

C  JJ 
•H  P 
'O 

CO 

o; 


o 


-p    N 
0    >-. 

o  rt 

cfl 


^ 


H  to 

CO  CO 

O  0} 

•p  p 

<L)  o 


o 
c 

CO 

p 


CO  -P 

C   ctf 

•H      ?H 

to  -H 

ic  'c3 

P   o 

(0 
•P 

c 

0) 

p 


CM 


CM 


■P 

O  •H 

P"    to 

O 

0)    ft 

u 

Cd  73 

ft  C) 
(0    to 

CC     CD 

0  ■ 


CO 


> 

C 

•H 


U    to 
0)    CD 

;>-.p 

CO   p 

(H    C 

o 
to  O 

«M 

^  u 

p   o 
to  ^^ 

C  to 

•H      ^H 

0)   o 
to  H 

•H  ,i^ 

O 


s 

c 

o 

O 

•H 

•H 

•P 

P 

CO 

to 

;h 

fn 

p 

0) 

C 

ft 

<D 

O 

O 

c 

>» 

o  ^ 

o 

CM|f>» 

rH 

0) 
> 
•H 
P> 


•  12  . 


Table  5.— Distribution  of  the  vapor  of  a  liquid  fumigant  in  a  large  steel  storage 
tank  of  wheat,  resulting  from  recirculation  for  19  minutes  at  an  airflow  rate 
of  approximately  0.8  c,f,m,/bu«,  test  1-2 


Sample  location 
and  number 


Galvanometer  readings  l/during  exposure  period 


i   t   2   J  h       '-       8  i       2h     '-       U8  i       72  '     13 
hour  t  hours  t  hours  t  hours  t  hours  :  hoijrs  t  hours  t  days 


Units   Units   Units   Units   Units   Units   Units   Units 


Center 

1.  1  foot  deep 

2.  10  feet  deep 

3.  20  feet  deep 
U.  30  feet  deep 

Midway  north  side 

5.  1  foot  deep 

6.  10  feet  deep 

7.  20  feet  deep 

8.  30  feet  deep 

Wall  east  side 

9»  1  foot  deep 

10.  10  feet  deep 

11.  20  feet  deep 

12.  30  feet  deep 

Headspace 
13 


Hil 

155 

75 

101 


203 

75 

267 

139 


173 

123 

80 

116 


128 


139 

125 

^9 

97 


219 

97 

267 

111; 


165 

117 

91 

88 


80 


125 

120 

36 

72 


189 
91 

267 
91 


131 
91 
77 
72 


59 


93 

117 

36 

75 


128 
80 

2U0 
96 


80 
75 
69 
6U 


53 


32 
99 
2U 
80 


Uo 

28 
171 
171 


16 
67 
U3 
ko 


20 


h 

11 

61 

57 

2k 

23 

59 

77 

16 

25 

80 

80 

88 

83 

112 

115 

0 

h 

ii3 

53 

37 

U8 

29 

37 

8  2/ 
26 
19 
3U 


12  2/ 
30 
8 


\x2l 
30 
30 
26 


0  2/ 


l/ln  this  instance,  the  galvanometer  readings  approximate  ounces/1,000  cu.  ft, 
based  on  a  tentative  calibration  of  the  gas  analyzer  for  this  mixture. 

2/Concentrations  raised  in  surface  layer  and  headspace  to   2U,  30,  30,  and  2U 
units,  respectively,  by  operation  of  blowers  for  6  minutes  in  reversed  position. 
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Table  6.— Distribution  of  the  vapor  of  a  liquid  fumigant  in  a  large  steel 
storage  tank  of  ^eat,  resulting  from  recirculation  for  1^  minutes  at  an 
airflow  rate  of  approximately  0.8  c,f.m,/bu.,  test  1-3 


1 
Sample  location     j 

.  Galvanometer  readingaV during  exposure  period 

and  number 

'J      2      h               8      2U     11 
'  hour  :  hours  :  hours  :  hours  :  hours  :  days 

! 

>  Units   Units   Units   Units   Units   Units 

Midway  east  side 

5.  1  foot  deep 

6.  10  feet  deep 

7.  20  feet  deep 

8.  30  feet  deep 

Wall  east  side 

9.  1  foot  deep 

10.  10  feet  deep 

11.  20  feet  deep 

12.  30  feet  deep 

Headspace 
13 


Center  t 

1.  1  foot  deep  .  .  .  •  t  2liO 

2.  10  feet  deep  .  .  .  .  :  209 

3.  20  feet  deep  .  .  .  .  :  13 
U.  30  feet  deep  .  .  .  .  :  267 


181 
181 
133 
193 


267 
173 
267 
22U 


11^7 


168 
176 
173 
168 


213 
227 
168 
176 


120 


115 
219 

155 


163 
l6o 
208 
252 


75 


75 
229 
ll;7 
213 


120 
135 
171 
213 


6U 


21 

128 
125 


33 
123 
107 
171 

16 


221 

lUU 

117 

27 

202/ 

80 

83 

80 

6k 

20 

0 

0 

0 

0 

0 

280 

267 

261 

187 

20 

62/ 

28 
26 
20 

io£/ 

22 
22 
36 

5^ 


l/ln  this  instance,  the  galvanometer  readings  approximate  ounces/1,000 
cu.  ft,  based  on  a  tentative  calibration  of  the  gas  analyzer  for  this  mixture. 

rConcentrations  raised  in  surface  layer  and  headspace  to  2k,   2k,   30, 
units,  respectively,  by  operation  of  blowers  for  6  minutes  in  reversed 
position. 
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Table  7. — Distribution  of  the  vapor  of  a  liquid  grain  fumigant  in  a  large  steel 
storage  tank  of  wheat,  resulting  from  recirculation  for  20  minutes  at  an  air- 
flow rate  of  approximately  0,8  c.f.m,/bu.,  test  I-U 


Midway  west  side 


5. 

1  foot  deep 

6. 

10  feet  deep 

7. 

20  feet  deep 

8. 

30  feet  deep 

Sample  location 

,     Galvanometer  readings!/  during  expo 

sure  period 

and  number 

t   1 

■  2 

2 

u    • 

8 

•   2k     • 

U8 

•  12 

:  hour 

:  hours  : 

hours  : 

hours 

:  hours  : 

hours 

:  days 

t  Units 

Units 

Units 

Units 

Units 

Units 

Units 

Center               ! 

22/ 

1.   1  foot  deep  .  ,  . 

!      h 

0 

3 

3 

0 

0 

2.  10  feet  deep  .  .  .! 

'     176 

12U 

86 

70 

$0 

■38 

16 

3.  20  feet  deep  .  .  •• 

:   86 

86 

7U 

63 

U8 

U2 

12 

U.  30  feet  deep  .  .  . 

:  200 

200 

196 

200 

82 

70 

10 

200 

120 

85 

60 

6 

h 

3^ 

6U 

$6 

SO 

50 

60 

60 

32 

100 

116 

160 

13U 

70 

hh 

Ik 

120 

186 

180 

200 

90 

86 

7 

Wall  north  side 

t 

_  / 

9.   1  foot  deep  .  .  •! 

►   90 

68 

56 

50 

38 

28 

h^ 

10.  10  feet  deep  .  .  . 

!   90 

66 

6U 

50 

38 

36 

2h 

11.  20  feet  deep  .  .  .  < 

t   80 

6U 

56 

U8 

ko 

35 

10 

12.  30  feet  deep  .  .  . < 

;   80 

5U 

U8 

Uh 

hk 

U6 

10 

1 

Headspace             s 

h^ 

13 : 

•  96 

6U 

60 

5U 

10 

7 

' 

l/ln  this  instance,  the  galvanometer  readings  approximate  ounces/1,000  cu. 
ft,  based  on  a  tentative  calibration  of  the  gas  analyzer  for  this  mixture. 

2/Concentrations  raised  in  surface  layer  and  headspace  to  .10,  10,  l6,  and 
12  units,  respectively,  by  operation  of  blowers  for  6  minutes  in  reversed 
position. 
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TEsrs  IN  upRiorr  steel  tanks 

These  tests  were  made  during  November  195U  at  Verden,  Okla.,  in 
eight  lD,000-bushel  upright  steel  tanks  similar  to  those  used  for  methyl 
bromide  tests  described  in  the  second  report  of  the  series.  Two  series 
of  tests  were  made,  each  using  a  different  fumigant  mixture,  and  in  each 
series  the  recirc\ilation  method  was  con^^ared  with  gravity  penetration  of 
the  vapors. 

Each  tank  was  32  feet  high,  21  feet  in  diameter,  and  was  filled  with 
wheat.  The  aeration  syrtera  consisted  of  a  central  hub  on  the  floor,  h 
feet  in  diameter  with  l6  laterals  leading  to  the  walls,  A  detailed  de- 
scription was  given  in  the  earlier  publication.  The  blower  was  equipped 
with  a  return  duct  to  the  headspace,  and  the  airflow  rate  was  determined 
to  be  0.18  c.f.m,/bu. 

Gas  sampling  probes  were  placed  to  draw  samples  from  the  headspace 
and  from  depths  of  6,  12,  20,  and  30  feet  in  each  tank.  Insect  samples 
were  placed  on  the  surface  and  at  depths  of  2,  U>  and  12  feet  at  2  loca- 
tions in  each  tank. 

In  tests  J-1,  J- 2,  J-3>  and  J-U,  an  experimental  mixture  known  as 
Dov:  M-U06,  which  contained  carbon  tetrachloride,  ethylene  dichloride, 
and  other  ingredients,  was  applied  at  the  rate  of  if-  gallons  per  1,000 
bushels.  In  tests  J-1,  J-2,  and  J-3,  the  blower  was  started  after  the 
fumigant  had  been  applied  as  a  coarse  spray  to  the  top  surface  of  the 
grain,  and  the  vapors  were  recirculated  until  a  satisfactory  distribution 
was  registered  on  the  gas  analyzer  unit.  This  required  from  U  to  7  min- 
utes operation  of  the  blower.  After  2U  hours,  the  blower  was  operated 
for  k  minutes  in  reversed  position  to  redistribute  the  vapors.  In  test 
J-U,  the  fumigant  was  applied  to  the  grain  surface  and  the  vapors  were 
distributed  by  gravity  penetration.  The  exposure  period  was  U8  hours. 

In  tests  J-5>  J-6,  J-7,  and  J-8,  a  standard  fumigant  mixture  was 
used  composed  of  29.2  percent  ethylene  dichloride,  63.6  percent  carbon 
tetrachloride,  and  7.2  percent  ethylene  dibromide,  by  weight.  In  the 
first  three  tests,  the  fvimigant  was  applied  to  the  grain  surface,  then 
recirculated  for  6  to  13  minutes  until  satisfactory  distribution  was 
obtained.  After  2h   hours,  the  vapors  were  redistributed  by  operating 
the  blower  in  reversed  position  for  k  minutes.  In  test  J-8,  the  fumi- 
gant was  applied  to  the  grain  surface  and  the  vapors  were  distributed 
by  gravity  penetration.  The  exposure  period  was  hQ   hours  in  all  instances. 

The  results  of  tests  J-1  to  J-U  are  given  in  tables  8,  9,  and  10. 
The  average  distribution  at  the  end  of  the  initial  recirculation  period 
was  not  very  uniform,  the  concentrations  being  high  at  12  feet  and  deeper. 
The  concentrations  in  the  headspace  and  at  the  6- foot  depth  continued  to 
decrease  during  the  rest  of  the  2ii-hour  period.  The  redistribution  after 
2h   hours  raised  the  concentration  in  the  headspace  to  a  satisfactory  level. 
The  distribution  by  gravity  penetration  showed  a  high  concentration  at  the 
6-,  12-,  and  20-foot  depths  at  6  hours,  and  at  the  12-  and  20-foot  depths 
at  2h   hours.  However,  the  insect  mortality  was  complete  at  all  locations 
in  test  J-U>  but  some  granary  weevil  eggs  or  larvae  survived  at  all  levels 
where  the  vapors  were  recirculated. 
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The  results  of  tests  J-5  to  J-8  are  given  in  tables  11,  12,  and  13. 
The  average  distribution  at  the  end  of  the  initial  circulation  period  was 
good  except  at  the  30-foot  depth,  and  this  was  partially  corrected  during 
the  first  2k   hours.  The  concentration  in  the  head space  remained  at  a 
good  level.  The  redistribution  at  2ii  hours  resulted  in  quite  comparable 
concentrations  in  the  headspace  and  at  the  30-foot  depth.  On  the  other 
hand,  the  concentrations  in  test  J-8  resulting  from  gravity  penetration 
appeared  to  be  quite  low«  After  2ii  hours,  the  concentration  in  the  head- 
space  and  at  the  6-foot  depth  were  very  low. 

Survival  of  test  insects  was  low  in  the  tests  where  the  vapors  were 
recirculated,  occurring  at  the  h"   and  12-foot  depths.  Some  granary  weevil 
eggs  or  larvae  survived  in  the  headspace  and  at  U-  and  12-foot  depths  in 
test  J-8, 

It  was  concluded  from  these  tests  that,  in  this  size  of  storage  tank, 
the  distribution  by  recirculation  did  not  produce  appreciably  better  in- 
sect mortality  than  did  distribution  by  gravity  penetration.  The  dosage 
rate  used  of  each  fumigant  mixture  appeared  to  be  marginal  for  larvae  of 
the  granary  weevil. 
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Table  8, — Distribution  of  the  vapors  of  liquid  fuinigant  M-U06  in  a  10,000- 
bushel  upright  steel  storage  tank  of  wheat  resulting  from  recirculation 
for  U  to  7  minutes  at  an  airflow  rate  of  0,l8  c.f,m./bu.  with  a  dosage  rate 
of  1^  gals. /l, 000  bu. ,   and  redistribution  after  2I1  hours,   average  of  3  tests, 
J-1,  V-2,   and  J-3 


Sample  location 
and  n\jmber 


Galvanometer  readings  after 
recirculation 


i       •        2       •       U       •       8       •        2U 
hour      :  hours  :  hours   :  hours  :  hours 


Galvanometer 
readings  after 
redistribution 


Units       Units       Units       Units       Units 


Units 


1. 

J 
Headspace  .  ,  .  , ! 

127 

91 

96 

55 

19 

76 

2. 

6  feet  deep  .  . : 

•  107 

105 

55 

li9 

k6 

3. 

12  feet  deep  .  .s 

227 

1^9 

U47 

205 

lia 

i;. 

20  feet  deep  ,  . j 

216 

150 

13k 

97 

78 

5. 

30  feet  deep  .  .! 

'  2li5 

26U 

195 

178 

203 

180 

Table  9. — Distribution  of  the  vapors  of  liquid  fuinigant  M-li06  in  a  10,(X)0- 
bushel  upright  steel  tank  of  wheat  resulting  from  gravity  penetration  with 
a  dosage  rate  of  1^  gals. /l* 000  bu.,  test  J-U 


Sample  location 

',         Galvanometer  readings  after 

and  number 

• 

[             6  hours     1      2ii  hours 

1                                 • 

1.  Headspace ...! 

2.  6  feet  deep  

3.  12  feet  deep  

U.   20  feet  deep  

5.  30  feet  deep ! 

• 

:      Units            Units 

'       32              UU 
',              18U            52 
!      18U             196 

!          168                     166 

r       76              88 

-18  - 


Table  10. — Average  mortality  of  test  insects  resulting  from  fumigation  vdth 
liquid  fumigant  M-i;06  recirculated  for  U  to  7  minutes  at  an  airflow  rate 
of  0.18  c.f.m./bu,  with  a  dosage  rate  of  l^-  gals. /l, 000  bu.  and  an  exposure 
period  of  U8  hours,  compared  with  distribution  by  gravity  penetration,  tests 
J-1,  J- 2,  J-3,  and  J-U 

Fumigant  recirculated 


Depth  in 
grain 


Granary  weevil 
adults 


Granary  weevil 
eggs  or  larvae 


Flour  beetle 
adults 


1.  Headspace  .  < 

2.  2  feet  deep  , 

3.  h   feet  deep  , 
h.  12  feet  deep 


Percent 

100 
100 
100 
100 


Percent 

95.5 
89.5 
9U.0 


Percent 

100 
100 
100 
100 


Fumigant  distributed  by  gravity  penetration 


5.  Headspace : 

6.  2  feet  deep : 

7.  k   feet  deep : 

8.  12  feet  deep  .  .  .  .: 


100 
100 
100 
100 


100 
100 
100 
100 


100 
100 
100 
100 
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Table  11. — Distribution  of  the  vapors  of  a  liquid  fumigant  in  a  10,000-bushel 
storage  tank  of  wheat  resulting  from  recir eolation  for  6  to  13  minutes  at 
an  airflow  rate  of  0.l8  c.f,m,/bu,  with  a  dosage  rate  of  l|-  gals./l,000  bu. 
and  redistributed  after  2k  hours,   average  of  3  tests,   J-^,   J-6,   and  J-7 


Galvanometer  readin&'s  after 

Sample  location 

recirculatic 

)n 

Galvanometer 

readings  after 

and  niimoer 

1 

•     "2 

:   2 

:   h       : 

8   : 

2k     '' 

redistribution 

•  hour 

;  hours 

:  hours  : 

hours  : 

hours 

!  Units 

Units 

Units 

Units 

Units 

Units 

1. 

Headspace  .  .  .  • ! 

'  108 

88 

61 

59 

35 

80 

2. 

6  feet 

deep  .  •: 

•  200 

200 

18U 

176 

158 

3. 

12  feet 

deep  ,  .  J 

206 

19h 

199 

139 

157 

U. 

20  feet 

deep  .  . ! 

165 

135 

157 

151 

Mi 

5. 

30  feet 

deep  .  . : 

•   67 

k2 

100 

111 

99 

87 

Table  12.— Distribution  of  the  vapors  of  a  liquid  fumigant  in  a  10,000-bushel 

(Suiting  from  gravity  penetration  with  a  dosage  of 


upright  tank  of  wheat  result] 
li  gals./l,000  bu,,  test  J-8 


Sample  location 
and  number 


Galvanometer  readings  after 


5  hours 


2ii  hours 


Units 


Units 


1. 

Headspace  

2. 

6  feet  deep  .  .  , 

3. 

12  feet  deep  .  .  . 

k. 

20  feet  deep  .  .  . 

5. 

30  feet  deep  .  .  . 

8  0 

38  10 

50  80 

5U  Uo 

no  sample,  probe  broken 
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Table  13. — ^Average  mortality  of  test  insects  resulting  from  fumigation  with 
a  liquid  fumigant  recirculated  for  6  to  13  minutes  at  an  airflow  rate  of 
0.l8  c.f.m./bu.  with  a  dosage  rate  of  l|-  gals. /l, 000  bu.  and  an  exposure 
period  of  1^8  hours,  corrpared  with  distribution  by  gravity  penetration,  tests 
J-5,  J-6,  J-7,  and  J-8 


Fumigant  recirculated 


Depth  in 
grain 

■  Granary  weevil 
[      adults 

•  Granary  weevil 
'     eggs  or  larvae  ' 

1  Flour  beetle 
^     adults 

1. 
2. 
3. 

Headspace ! 

2  feet  deep  .  .  .  .: 
h   feet  deep  .  .  .  .: 
12  feet  deep  .... 

t             Percent 
i                 100 

!          100 

t       100 
:        99.0 

Percent 

100 
100 

98.0 

Percent 

100 
100 
100 
100 

Fumigant 

distributed  by  gravity  penetration 

5. 
6. 
7. 
8. 

Headspace 

2  feet  deep  ..... 

k   feet  deep  .  .  .  . j 
12  feet  deep  .  .  .  . i 

!        100 
t       100 
:       100 
!        90.5 

92 
100 
92 
66.5 

100 
100 
100 
100 
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Neodesha  Tanks 

Diameter  -  96  feet 

Wall  Height  -  30  feet 

Cone  Height  -  5  feet 

Total  Height  -  3^  feet 

Headspace 
Surface 

10,  20,  30  feet  deep 

Scale  -  7/16"  =10' 


BLOWER 


BLOWER 


BN-3656 


Figure  1. — ^Diagram  of  aeration  system  in  large  steel  storage  tanks 
showing  floor  ducts. 
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BN-36^7 

Figure  2. --View  of  portable  blower  unit  attached  to  aeration  sfystem  in 
one  of  the  steel  storage  tanks  used  in  the  tests. 
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PREVIOUS  ISSUES  OF  THIS  SERIES  RELATED  TO 
STORED-PRODUCT  INSECTS 


AMS-U.     Fumigation  of  dry  beans  and  cowpeas  on  the  packaging  line. 
January  19^^. 

AMS-5.     Procedure  for  the  fumigation  of  dry  beans  and  cowpeas  on  the 
packaging  line.  January  19^^. 

AMS-lj.9.    Timing  of  ^rays  to  control  the  cigarette  beetle. 
May  19^5. 

AI-IS-^S.    An  insect  preventive  program  for  peanut  warehouses, 
June  1955. 

AMS-6ij..    Protecting  stored  seed  from  insect  attack.  (Revision  of  for- 
mer Bureau  of  Entomology  and  Plant  Quarantine  publication 
E-677,  issued  December  19U5.)  July  1955. 

AMS-73.  Effect  of  varying  the  volatilization  of  methyl  bromide  by 
combinations  with  various  solvents  on  its  distribution  in 
bulk  grain  fumigation.  December  1955* 

AMS-101.  Studies  on  separation  of  weevil-infested  from  noninfested 
wheat  by  flotation.  March  1956. 

AMS-131,   Enclosures  for  fumigating  stored  raisins. 
July  1956. 

AMS-l50.   Experiments  on  distributing  methyl  bromide  in  bulk  grain 
with  aeration  system.  February  1957 • 


